s u m m a r y Background and aims: Laparoscopic colorectal surgery, with its minimally invasive nature, appears to be the ideal choice for minimizing postoperative complications. Most of the studies available on laparoscopic colorectal surgery have focused on highly selected patient groups with low risk. As the proportion of elderly people steadily increases, colorectal surgeons will have an increasing number of elderly patients with colorectal cancer. We aimed to evaluate the safety and effectiveness of laparoscopic colorectal surgery for carcinoma in patients aged 65 years or older. Materials and methods: A retrospective, comparative analysis was conducted from a prospective database of all consecutive patients who underwent laparoscopic surgery for colorectal cancer from January 2007 to September 2009. Results: A total of 59 elderly patients (age ! 65 years, Group A), matched with 106 younger patients (age < 65 years, Group B), were enrolled in this analysis. Based on the study design, although the American Society of Anesthesiologists (ASA) score was significantly higher in Group A than in Group B (p ¼ 0.003), owing to Group A being considerably older (70.05 vs. 52.89 years) and having more respiratory diseases and anemia, the operative data were still comparable between the two groups in terms of the operating time, estimated blood loss, conversion rate, and clearance extent. Postoperatively, except for the time to flatus, for which the difference was statistically significant (p ¼ 0.006) with 5.61 days for Group A versus 4.8 days for Group B, the proportions of patients with at least one complication were 17.5% and 22% in the younger and older patients, respectively, but the difference was not statistically significant. Other postoperative complications were comparable between the groups with regard to reoperation, mean length of hospital stay, hospital stay complications, and time to liquid diet. Conclusion: Laparoscopic surgery for carcinoma of the colorectum is a safe and effective approach in elderly patients, as its rate of postoperative complications appears to be comparable, irrespective of age.
Introduction
In developing countries such as China, the proportion of elderly people older than 65 years will rise from 8.9% in 2011 to 20% in approximately 2040 1 . Moreover, in developed countries such as the USA, this age group will account for an estimated 20% of the population by 2030, as it is the fastest-growing segment of the US population 2 . Increasing age is directly associated with increasing rates of cancer, corresponding to an 11-fold greater incidence in persons older than 65 years versus those younger 3 . The aging of the population requires surgeons to evaluate and operate on increasingly older patients. Despite the increasing incidence of cancer with the aging of the population, only a minority of elderly patients has been enrolled in clinical trials 4 .
Previous studies have reported that open colorectal surgery in the elderly is associated with increased morbidity and mortality and prolonged hospital stays 5, 6 . The use of a laparoscopic approach seems particularly interesting, as the reduced surgical trauma could potentially result in a reduction in postoperative complications; however, most of the studies available on laparoscopic colorectal surgery have focused on highly selected patient groups with low risk. Furthermore, few studies have addressed the issue of laparoscopic colorectal surgery (LCRS) for malignant disease, rather than just diverticular diseases, in the elderly, and in some of these studies, patients aged ! 75 years or 80 years were excluded 7, 8 . The q None of the authors has any financial interests related to the manuscript.
aim of this study was to assess the effects of age on the outcomes of LCRS for cancer at a single institution, by means of a comparison between younger and older patients.
Materials and methods

Patients and data collection
A total of 165 colorectal cancer patients, who underwent laparoscopic surgery performed by the same group of surgeons, were enrolled between January 2007 and September 2009 from our prospectively collected computer database. All patients were pathologically confirmed as having colorectal cancer, and were enrolled into either Group A (age ! 65 years) or Group B (age < 65 years). The perioperative work-up included a physical examination and standard laboratory tests. The ASA (American Society of Anesthesiologists) scores classification was used to assess operative risk. A barium enema study and colonoscopy were performed to assess the characteristics of the tumors. All patients underwent ultrasound examinations and computed tomography scans of the abdomen (and chest in selected cases) to rule out any metastatic disease. All patients were treated using a strictly controlled protocol with regard to bowel preparation, antibiotic prophylaxis, analgesic administration, homologous blood transfusion, feeding, and postoperative recovery. There were no differences in the eligibility criteria for a laparoscopic approach between the elderly and younger patients. The only exclusion criterion was open surgery. Preoperative features, such as: age, sex, comorbid diseases (hypertension, diabetes, heart disease, respiratory disease, liver dysfunction, kidney dysfunction, and anemia), TNM classification of malignant tumors, ASA score, and history of operations in the abdominal region, were recorded. Operative data, such as operative time, intraoperative bleeding, conversion to open surgery, blood transfusions, and type of surgery, were also collected. Postoperative complications, such as anastomotic leakage, simple bowel obstruction, strangulated bowel obstruction, incisional hernia, deep vein thrombosis, bleeding, pneumonia, wound infection, and wound dehiscence, as well as time to flatus, time to liquid diet, length of hospital stay, and reoperation, were analyzed. This study was approved by the Chongqing Medical School's Clinical Research Ethics Committee. Informed consent was obtained.
Surgical procedure
Tumor resections were performed en bloc after ligation of the segmental vessels, followed by lymph node dissection. Standard resections were defined as tumor resections including standard lymph node dissections restricted to the tumor-bearing bowel section. Multivisceral resections were defined as "organs or structures adherent to the tumor with a need for en bloc removal to ensure sufficient safe margins and to obtain a curative situation". Radical treatment of rectal cancer surgery was followed by the total mesorectal excision principle. In all cases, no touch-technique of the tumor was applied. A small incision of <7 cm, performed only to remove the specimen and sometimes to perform extracorporeal anastomosis, was considered to be laparoscopic surgery; otherwise, the surgery was regarded as conversion.
Statistical methods
Analysis was performed using the SPSS version 17.0 statistical software package (SPSS Inc., Chicago, IL, USA), to process the data, complications, and other clinical indices, with the use of the Chisquare test and the nonparametric test (distribution free). Student t test (parametric test) was used to compare normally distributed variables. For those variables that did not meet the line x list of the Chi-square test, the log-likelihood ratio test or the CochraneArmitage test was used. A p value <0.05 was considered to be statistically significant. Table 1 shows the demographics and baseline variables. There were 59 patients in Group A and 106 patients in Group B. Based on the study design, the mean age was 70.05 years in Group A and 52.89 years in Group B, with a significant difference (p < 0.001). A comparison of older and younger patients showed that a significantly higher percentage of elderly patients (30.5%) had undergone open surgical procedures prior to laparoscopic colorectal surgery (p ¼ 0.012). Furthermore, the associations of age with respiratory disease anemia were significantly marked in the elderly group (p < 0.05). It is not surprising that the distribution of ASA scores was unequal between the groups, with higher scores in Group A (p ¼ 0.003) and a higher percentage of patients having higher ASA scores being found in the elderly group. In addition, no differences were found with regard to tumor location, preoperative tumor classification, or comorbid diseases. Table 2 summarizes the operative data. Laparoscopic surgical procedures included left hemicolectomy, right hemicolectomy, sigmoid resection, anterior resection, abdominoperineal resection, and palliative surgery, with no significant differences in the extent of the resections.
Results
Patient data
Operative data
Overall, five patients (3.0%) were converted to open procedures, with no significant difference between the age groups. The reasons for conversion to open surgery in Group A included intraoperative bleeding (1 patient) and duodenal tumor invasion (1 patient), whereas in Group B, the reasons for conversion were large size of the uterus and subsequent difficulties in exposure (1 patient), tumor invasion of adjacent loops of the intestines and the formation of an intestinal fistula (1 patient), and intra-abdominal adhesions (1 patient). The mean operating time (AE standard deviation) was comparable between the elderly patients and the younger patients (150.80 AE 38. 8 minutes vs. 148.33 AE 38.5 minutes, p ¼ 0.695). Otherwise, no significant associations were noted in the elderly group with greater estimated blood loss or transfusions.
Postoperative course
Overall complications
Details of the postoperative complications are provided in Table 3 . There was no mortality in either group. The proportions of patients with major complications (more than Grade III complications) were 13.6 % and 8.49% in the younger and older patients, respectively, but the difference was not statistically significant. For example, there were three patients who developed strangulated bowel obstructions in the immediate postoperative period. Two of them suffered from adhesive ileus. Another case resulted from a trocar site hernia. These cases were all handled successfully by submitting them to a second surgery. Minor complications (less than Grade III complications) in both groups included urinary tract infections, wound abscess, ileus, simple obstructions, and low albumin levels. Odds ratios were used as point estimates of the relative risk in this study, controlled for age. Finally, logistic regression analysis was performed to evaluate the patient characteristics that could potentially affect postoperative complications. The parameters included in the model are shown in Table 4 . Univariate analysis showed that pulmonary disease comorbidity (p ¼ 0.046) and operative time ! 180 minutes (p ¼ 0.034) were significantly associated with the risk of surgical complications. No significant correlation was found with the patients' ages.
In-hospital evolution
Recovery of intestinal function, evaluated according to the number of postoperative days to the first bowel movement, is indicated as the time to liquid diet and time to flatus. A significantly faster recovery was observed in younger patients following surgery, with statistically less time to flatus (p ¼ 0.006) in Group A, with a mean of 5.61 days, compared to Group B, with a mean of 4.8 days, although the time to liquid diet was comparable in both groups.
Reoperation
Five patients required reoperations: two patients due to postoperative bleeding from Group B and three patients with strangulated bowel obstructions (2 patients in Group A and 1 in Group B).
Anastomotic leakage
Anastomotic leakage was diagnosed in one patient in Group A after low anterior resection, and transanal drainage was performed; thereafter, the postoperative course was uneventful.
Hospital stay
The mean lengths of hospital stay were comparable between the two groups (uncomplicated hospital stays being 21.94 days and 19.31 days in Groups A and B, respectively, and complicated hospital stays being 24.13 days and 26.92 days in Groups A and B, respectively). It was also noted that the mean length of stay for the group with complications was slightly longer in the younger age group, although this difference was not significant (p ¼ 0.304). 
Discussion
Colorectal pathologies requiring surgical management become more common with age. As life expectancy increases, the number of elderly patients with diseases requiring surgery will increase as well. Improvements in medical technology have lengthened the average life expectancy. As a result, the proportion of patients older than 65 years who require major abdominal surgery is increasing 2 .
There has been no consistent definition of the elderly patient population in published series. This lack could be due to the difficulty of defining physiologic and functional age. Hence, it has been difficult to determine whether elderly patients enjoy the same benefits as younger patients. Surgeons should inform primary care physicians of the excellent results with laparoscopic procedures in the elderly to encourage earlier referrals. It is clear that, as patient age increases, there is an associated increase in comorbid conditions. Thus, age-associated comorbidities often complicate the perioperative management of elderly patients after major abdominal surgeries. Today, age is rarely considered a contraindication for the surgical management of colorectal diseases, and the criteria used to determine the need for surgical therapy are the same for surgical patients of all ages 9, 10 .
Therefore, proponents of LCRS argue that elderly patients, as a consequence of their comorbid conditions and decreased functional reserves, would benefit most from laparoscopic approaches. The literature has suggested that laparoscopic colorectal surgery could be proposed in elderly patients with postoperative outcomes and advantages similar to those in younger patients 7, 8, 11, 12 .
The aim of our study was to determine whether preoperative variables had an impact on the operative and postoperative outcomes between younger and older patients who underwent laparoscopic-assisted colorectal surgery. Our results show that, although elderly patients had significantly higher ASA scores and more extensive previous histories of abdominal surgery and histories of comorbid diseases such as respiratory system diseases and anemia, we did not observe significant differences in operative time, amount of blood loss, rate of conversion, type of surgery, or postoperative outcomes, with the exception of the time to pass flatus. The longer time to pass flatus in older patients might have been the result of a slower return of gastrointestinal function because of physical deconditioning and fatigue.
To assess the role of laparoscopic colorectal surgery in the elderly objectively, we attempted to compare, in a consecutive cohort of unselected patients, the outcomes of laparoscopy in 59 patients older than 65 years with those of a younger, procedurematched cohort of 106 patients. Although the elderly patients suffered from significantly more cardiopulmonary comorbidities relative to the younger patients, no significant differences were observed in postoperative mortality or morbidity rates. Our results are consistent with those of the study conducted by Chautard et al 11 , which compared the outcomes of laparoscopic colorectal resection for cancer and other benign diseases in patients older than 70 years (n ¼ 27) with those of a younger, case-matched cohort (n ¼ 34). There were no significant differences in terms of mean operating time or morbidity rate. In a study by Vignali et al 7 , a reduced morbidity rate was obtained among octogenarians, which was consistent with the study by Senagore et al 13 , in which a morbidity rate of 21% was achieved. These studies have provided confirmation that the benefits of laparoscopy can be maintained with advancing age. These data are comparable to the findings our study, in which the morbidity rate among the elderly was 22%. These benefits may be explained by the laparoscopic group having the following: (1) less postoperative paindboth the dose and duration of parenteral analgesia required decreased after laparoscopic surgery; (2) rapid return of bowel functiondboth time to flatus and time to bowel movement were 1 day earlier with laparoscopic surgery than with open surgery, which translates into earlier resumption of oral intake; (3) shorter hospital staysdthe overall hospital stay decreased by 1e2 days with laparoscopic surgery; and (4) less blood lossdthe reduction in blood loss reported was approximately 100 mL. Although elderly patients had significantly higher ASA scores compared to younger patients, no significant differences in postoperative mortality or morbidity rate were observed in a study that was restricted to laparoscopic resection for rectal cancer only 14 .
These findings compare well with those of our study, in which there was a significant difference in ASA scores between elderly and younger patients (p ¼ 0.003), as well as a higher percentage of patients with higher ASA scores in the elderly group.
Previous studies have evaluated the outcomes of LCRS with regard to length of stay. Although the lengths of hospital stays have been longer in the elderly groups, this parameter has not met statistical significance 7,11,13e16 , which is comparable to our study results. However, in our study, the mean length of hospital stay (both complicated and uncomplicated stays) was relatively longer than that in published series. Patients cannot be discharged early from hospitals because many medical services are not readily available in the community and, thus, cannot facilitate proper postoperative follow-up. Moreover, the expenses of hospital stay are relatively less expensive in China than in western countries. Additional studies comparing the outcomes of older and younger patients have demonstrated that the need for conversion is not statistically significant between elderly and younger groups 15, 17, 18 ;
these results are well matched by those of our study. Our study revealed that a total of five patients (3.0%) were converted to open procedures, with no difference between the age groups. Cheung et al 19 reported the early and late outcomes of laparoscopic colorectal resection in patients older than 80 years. Their study consisted of 44 sphincter-preserving rectal excisions, eight abdomino-perineal resections and one Hartmann's procedure. The authors concluded that laparoscopic colorectal resection is safe and feasible, but no specific comparisons with younger patients or with an open approach were performed. However, Fiscon et al 16 recently reported a higher overall morbidity rate in elderly patients (three times higher than that in younger patients). Nevertheless, they concluded that advanced age alone is not a contraindication, although it is a risk for patients who undergo laparoscopic colorectal surgery for cancer. However, the main limitation of their study was the small number of patientsd50 in each group. Limitations of the current study exist. First, selection bias is a predominant concern in cohort studies in which the enrollment of patients into the cohort is somehow related to the probability of the outcome studied. Furthermore, these patients came from a single institution; therefore, there may have been a certain amount of selection bias. However, the included cases of colorectal cancer patients who underwent laparoscopic surgery were operated on by the same group of surgeons from our prospectively collected computer database. Moreover, the enrolled group was a consecutive cohort of unselected patients at admission and was not biased by the researchers. Furthermore, it was not possible to determine whether management decisions were the results of patient preferences or health care provider recommendations. Of course, the main shortcoming of the present study is that the number of patients in each group was not equal. Therefore, larger prospective, randomized trials will be necessary to determine whether laparoscopic colorectal resection is truly beneficial for elderly patients.
In conclusion, our results suggest that laparoscopic surgery for carcinoma of the colorectum is a safe and effective approach in elderly patients, as its rate of postoperative complications appears to be comparable irrespective of age. Laparoscopic colorectal surgery in the elderly is another medical advancement that has allowed us to deliver better care to a frail and higher-risk group of patients. Careful consideration should be given to the selection of patients for surgery, taking into account previous physiologic reserves and comorbid conditions to avoid postoperative complications. If these precautions are taken, the long-term cancer-specific outcomes of elderly patients can be similar to those of younger patients. Thus, surgery should not be withheld based on age alone. One may never be too old to undergo laparoscopic colorectal surgery.
